Effect of the chain length on the structure of ionic liquids: from spatial heterogeneity to ionic liquid crystals.
Ionic liquids with intermediate nonpolar cationic side-chain lengths are known to have nanoscale spatial heterogeneities with nonpolar tail domains separated by a continuous polar network. In this work, we use coarse-grained molecular dynamics simulations to show that, when the nonpolar cationic side chain is sufficiently long, due to the stronger van der Waals interactions between the side chains, the structure of ionic liquids goes through a transition from spatially heterogeneous to liquid crystalline-like. For XMIm(+)/NO(3)(-) ionic liquids, change occurs when the number of carbon groups on the cationic side chain varies from 14 to 16. In the liquid crystal-like phase, the cationic side chains tend to be parallel to each other, while the cationic head groups and anions, although being mostly layered perpendicularly to the direction along the side chains, still form a continuous polar network.